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Effect of Various Factors Upon the Curie Temperature SOV /48-22=12-17/33 
of Piezoelectrics With the Structure of the Perovskite Type 


type of the piezoactive cation , as proposed in references 8, 9s 
13 promotes the solution of the problem discussed. Therefore, 
they have been investigated again in this paper. It was attempted 
to explain the differences of the Curie temperature in 
piezoelectrics with perovskite structure in the same way, by 
using only such characteristics as polarizability, charges and 
radiie The degree of covalence of the bindings in the respective 
compounds was neglected. The authors started from an approxinate 
theoretical estimation. They used the results from references 
15, 16, determined in the investigation of the effect of various 
parameters of cations upon the internal field of piezoelectrics 
with perovskite structure. The conclusions drawn on the basis of 
theoretical estimations agree with the few experimental results 
obtained by the authors of thin article and Snwaguchi (Ref 7). 
As soon ag new experimental data will be obtained it will be 
possible to check also the theoretical results still improved. 
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AUTHORS: Venevtsev, Yu.N., Zhdanov, 6. 85M ESP oti 2536/3 Op, and 


“[Vatiova;—Ve¥.., 
TITLE: On Internal Fields in Ferroclectric PbTiO. (O vnutrennikh 
polyakh v segnetoelektrike PbTiO.) 
PERIODICAL: Kristallografiya, 1959, Vol 4, Nr 2, pp 255-257 (USSR) 
oe ABSTRACT: Calculations of the internal fields in PbTiO, crystals 


have been made by the Madelung-Hagedorn method 

(R. Hagedorn - Ref 3) which is more accurate than 
Kozlovskiy's method used before, according to the work 
of Yu.N. Venevtsev et al (Ref 1). These fields ES are 
Pb 1.4, Ti 6.9, 0; 6-1 and O,7, Ojyy 1.8 x 108 V/cm . 
The contributions of the separate.:.ons to the spontaneous 


' - 2 
se polarisation of 81 x 10 6 coulomb/cm are tabulated. The 
internal fields for model crystals of the PbTiO. type 


but with ions of different polarisability are similarly 
calculated. for BaTiO, the calculations by both mothods ay 
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SOV/70-4-2--26/36 
On Internal Fields in Ferroelectric PbTiO, 


are in good quantitative agreenent. Graphical examination 
of the parameters affecting the internal fields show their 
relative importance. In order they are: 1) lattice 
period; 2) charge on the ferroelectric cation; 
3) polarisabili-.y of the ions of the oxygen octahedra, 
4) polarisability of the ferroelectric cation; 
5) polarisability of the non-ferroelectric cation. 
Thero are 1 figure, 2 tables and 5 references, h of 
which are Soviet and 1 German. 

ASSOCIATION: Fiziko-khimicheskiy institut im. |.Ya. Karpova 
(Phyatcel.‘feni2?, Institute im. L. Ya. etoov) 


SUBMITTED: November 1, 1958 
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Yu.sNe, Solov' yev» ONG? and Zh 13. GeSe 


* AUTHORS: Venevtsevs 
TITLE: On the Structural Coefficients of the Int .cnal Field in 
: Ferroelectrics of the Perovskite Type 


Kristallografiya: 1959, Vol 4k, Ne 4, PP 575-578 (USSR) 


arried over from an article by the same 


The values of the projection of the 
Sy (x1 ¥12) 2 Coy for different 


orientations (cube edges, face or body diagonals) of the 
dipoles in 4 cubic perovskite-tyPe cell are tabulated in 
terms of P and Q. p = - 15.04102 and @ = 433587)» 
The coefficients Ci nless and numerically 
o the field strength, ad 
due to the sub-lattice of un 
sort of ion and acting on the i-th sort of ion- 


derivation of expressions such as ; 


5,(0, 2/2, 1/2) = $5{0 v2, v2) 2 WI 


PERIODICAL: 
ABSTRACT: The notation is c¢ 


authors (Ref 1). 
structural coefficients 


are dimensio 


ditional to the Lorentz 
it dipoles of the k-th 
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24 .2800, 24.7700 (7108 
soy /70-4 6-3/1 
AUTHORS: Zndanov » G. Se» solov'ye"s gS. P.; Yenevtsevs Yu. N., 
Ivanova, vy. V- = = 
TITLE: Internal Fields in the orthorhomb l¢ Modificat Lon of 
patio, 
? 
PERIODICAL: ristallograf ty» 1959, Vor » N 6, pp 855-861 (USSR) 
ABSTRACT: Internal fields in orthorhomb Lc (psevdononocl inte) 


parium titanate are computed accord Lng to jonic- 
displacement data reported in phys. Rev-s 105, J» Q56, 
1951 - Computations are pased on the assumption that 
point tonic charges are displaced parallel to the edges 
of monoclinic unit cells, twice as gmall as orthorhombic 
celis,and are superposed py the similarly displaced 

oint dipole moments. yhne latter's magnitude 13 


determine as the product of tonic polarization and 
Card 1/5 er ir d 
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“Internal Fields in the Orthorhomble 17103 : 
Modification of BaTiO, gov ‘10-3 --9/2* 


that defines the fleld slong, the { axis in tearms & 
equal dtpoles and coordinates Kir Yar #@ of bruh 
dipole, is reduceds substituting the bree sums, +O" 
the sake of priefness, py Dey? Nyy? ny, Tn cubic 
and tetragonal BaTiO, Nyy ae , are equal tO 
Zero. Using yar tous’ calculat boo methods the guLnovs 
roved that hy. in Neeawouliaue. patio, 18 vantoniogly 
small relative! to nh. and can be disrégerdes» wa Lle 
ely remains apout chs same as in cubic BaTiO-- Thus 
; aipole moments Py for each projection upon 10x,z) 
card 2/5 axis become defined by? 


5 - Sih gn 

Px COS Pkt - as 
FJ, Bum (hud) Se Ue 

kewl 
k=l 

where K = ig 4. 5 48 number of unlike 3stoms tn the 
unit cell; ®&, ts charge ot a k-tyve fon; 2 and ¢ ePe 
eagelengtns * monoclinic celis; U g structure 


eae 
factor whose magnitude equals the byétu intensivy 
affecting t-th atom in the sublattice formed oY K- 


type atoms; Wry is angle petween 1 azis und *- 
type dipole; ; 
Ee (US str tee a Re Rede aces ; 
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Intercal Fields in the orthorhombic [10d 
modification of BaTiO, gov /10-4-0-9/21 


Spontaneous polarizat Lon 1s computed secord LOE Lo: 


$ ry 
= v Py ©98 Pi y Og Sk 
P,, = > a +2 a 


kel gu} 


where 5), denotes displacement of k-type atoms along 

1 axis. The computed values (Table 2) are about the 
same as 19 tetragonal BaTio.,- The computed spontaneous 
polarization proved to be edual to the experimental one. 
TT, atoms are gubjected to the highest field intensity 
and Ba atoms to the Lowest. The fields affecting poth 
atoms and oxygen 0,,97° parallel to the poler axis and 


to the displacements of the respective atoms » while the 
fields affecting a, and O57, 0° symmetrically inclined 


to the polar axis; they ape under a5" to the displace- 
cara 3/5 ment directions, and go4o' to X and Z axes. 
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p, ato rhe” 
Pate hlown” 
ro anit Klom 


EB, 10". vfewe 


Ten 


Py ed + Pt sen 10% Pap] “100% Pig 100% 
gE, | Fs | 1 Me Vs Ys 
os aera 


tz x 
Ba | —0,08} 0,08 0,12) —153 pac detaA te 0 0 
Ti | —3.60} 3.60 5,09 | 15.0 | 154 me a Ye ae 9,7 
0, | 0044 2'62 | 2,66 | —12.3 §7,A 8,3) 49,9 4s 72 
Oy | -0-47 0.47 | 0,67 | 13,8 13,8 | —29 go | 48 | 48 
Oy 1-282 0.44 | 2,60 | -97) esq. (sea f 8 mas 4,0 


Assistance of the jate G. I- Skanavi is acknowledged - 
There are % figures; 4% tables; and it references, 

We UgSesr 2 Soviet, @ German; 2 panish. The U.S- 
references are: G- Shniranes H. Danner, R. peninsty 
Phys: Ref.» 105, 2» B50, 1951; J- c. Slater, phys. 
Rev.» TOs 748, 1950; S- priebwassers J. Phys. Chem. 
gol1ids;, 4, 172% 54, 1957; He HW. Wieder, phys. Rev.» 
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a2! ~/o00(A) $/070/60/005/004/009/012 
AUTHORS : Venevitsev. Yurelis zeae? B.s.. Solov'yev: S.P., 

Bezus, YeeV.. Ivanova: vV.V., Fedulov: S.A. and 

TITLE: Grystal Chemical Investigations of Substances with 


the Perovskite Type of Structure Which Has Special 
Diclectric Properties) 


PERIODICAL: Kristallografiya- 4960, Vol. 5, No- A. 
Pp 


620 - 626 
TEXT: In BaTi0)’the dielestrically-active 10m is the Ti but 
in PoTiO, it is the Pb 10M. The (Pb .Ba)TiO, system may; there- 


fore, be expected to show peculiarities where these two effects 
interact. The variation in structure, dielectric and piezo-~ 
electri¢ properties is not continuous from one end-member to 
the other. Experimentally. solid solutions with 7, 93 11. 14 
and 24 wte Su PoT10,, showed anomalies not explicable as due to 


Joss of PbO. NaNbO, undergoes several phase transitions in a 


shart temperature interval. Dielectric and optical observations 
give transitions at 360, “70, 520 and 640 Cc. X-ray data contra- 
dicr all but the first of these. Polycrys:alline material was 
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5/070/60/005/004/009/012 
E£132/E360 
jons of Substances with the Perov- 
pecial Dielectric 


Crystal. Chemical Investigat 
skite Type of Structure Which Ha, § 
Propertie# 
etudied by X-ray methods up to 700 °c and transifions at 360, 
430, 470, 520 and 640 ~C were found. Below 360 “C NaNbNo, 15 


a N QO e) . 

. fb and B > 90 C. Above 360 © it 15 
bp and 8B >» 90 Cc (true symmetry 
ortharhombiz)- he transition from erthorhombaic to tetragonal 
145 not at 360 but at 430 ’"c, The X-ray method is no Less 


sensitive than the optical and diclectric methods. 
From an examination of solid solutions BaTiO. .(Ca,Sr)(Zr ,Sn0,4 
the Curie 


it as concluded that, other things be1ng equal. 
temperature of perovskite type ferroelectrics 1s higher. the 
smaller is the period of the lattice and the higher 19 the 


polarisability of the artive 


BiTiO, with added m1.0.-Cr.,0. and Bt 0..Ar.0, has been 
3 273 2°45 2 5 2? 
Like thos¢ found in 


monoclinic with 4 
monoclinic with a: °¢ 


cation. 


synthesised and specimen= shoed properties 


BaTiO, containing Ba,Tt 301 2° 
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crystal Chemical investigations E}32(Bae9ne es with the Perov~ 
skite Type of Structure Which las Special Dielectric 
properties 


BiFeO, and specimens in the system PbTi0.,-BiFeO, have been 
synthesised; The former has a rhombohedral distortion 

(a = ‘De 63 , ae 89°24!) and 4 guscept ibility about 80. 

At zoo C the susceptibility has a maximum of about 1200. In 
the solid solution up to 70% by wt. of BiF ed. there is also 

a tetragonal modification. The Curie point of BiFeO, appears 


to be higher than that of PbTiO.;- 


General methods for calculating the internal field have been 
developed for structures of any dipole configurations. These 
have been applied to the orthorhombic structure of CaTi0,- 


Here. the internal electric field is zero at the Ti sites. 
There are 29 references: 2 Japanese (in English). & English. 
2 international, } Swiss, lL German and 15 Soviet- 
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AUTHORS: Solov'yov, S+P.s Venevts ev Yu.N. 
Zhndanov, Go ae \ 
TITLE: On a Method of Calculating the Internal Ficlds in 
Complex Dipole Structures 


PERIODICAL: Kristallografiya: 1960, Vol. 5, Noe Dy 

pp. 718 - 725 
TEXT: A method is proposed for calculating the internal field ‘ 
in complex dipole structure. In general, the problem comes down _— 
to the solution of a system of linear equations with 3m 
unknowns, Where m™ is the number of atoms in the elementary 
cell. if the symmetry of the structure is taken into account 
the number can be decreased to on where 2m is the number of 
complexes and where 2 is less than ™- Ewald's method can be 
successfully applied to calculating all the structure sums 


estimating the fields. The method is generally 
the structure has been determined. 
the idealisation 
these sums can be calculated 
methods 


necessary for 
applicable jn all cases where 
The calculation of t 
of the structure to be avoided as 
in any case- Sometimes, however, in spite of the 
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£132/£360 
On a Method of Calculating the Internal Fields in Complex 
Dipole Structures 


available for reducing the tediousness of the calculation of 

the fields in real structures, the number of unknowns may be 

too big to enable the system of equations obtained to be solved 
by land methods. This raises no difficulty as modern computing 
machines can deal with such systems of equations with extreme 
speed. In faci, the systematic calculation of the fields in real 


Nantiferroelectzic crystals and in other structures is best done a 
ed. 


by a machine appropriately programm 
There are 1 figure and 14 references: 5 Soviet, 1 Swiss, 


5 English and 3 Germane 
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L-Ya. Karpova (Physics-chemical Institute 


4meni L. Ya- Kar pov 
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3013/BC63 
AUTHORS: Soloviyev, S- p., Venevtsev, Yu. N., Zhdanov, Ge S., and 
Ivanova, V._V- 
TITLE: Method of Calculating Inner Electric Fields in Complicated 
Dipole Structures and Their Application to CaTid, y 


PERIODICAL: Izvestiya Akademii nauk SSSR. Seriya fizicheskaya, 1960, 
Vol. 24, No. 10, Pp- 4191 - 1194 


TEXT: A general method is suggested for calculating the inner electric 
fieldg in complicated structures, in which there may take place poth 

parallel and antiparallel ionic displacements in an arbitrary direction. 

This method, which was applied to the calculation of fields in CaTiO, - 


type crystals, constitutes 4 generalization of the methods that are 
used for calculating the fields in piezoelectric substances}of an 
£BO,-type structure, and proceeds from the respective structure model 


of the compound concerned. A total of pix different cases were examined, 
The calculation was made at the vychislitel'nyy tsentr MGU (Computer 
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Method of Calculating Inner Electric Fields in $/048 60/024/010/005/033 
Complicated Dipole Structures and Their BO13/B063 


Application to CaTi0, 
Center of MGU) with the computer u(TPENAw (Strela). The calculation of : 
the fields in CaTid, shows that the distribution of fields in this com- k 


pound depends only little on the polarizability of Ga ions. It is all 
the more dependent, however, on the effective ion charge, up to the 
change of the signs of the fields acting upon the oxygen ions, although 
the qualitative picture remains unchanged. The fields acting upon Ca 
ions are only little varied in this connection. In all of the six cases 
examined the fields are considerably smaller than is the case with the 
piezoelectric ABO compounds. In this case, as may be seen from the 


structure symmetry, the field acting upon the Ti ions is exactly vanish- 
ing. In BaTio, and PbTiO, (Refs. 8 and 9), on the contrary, fields of 


maximum strength act upon the Ti ions. The basic difference between the 
fields in CaTiO, and in the piezoelectric ABO, compounds related to it, 


ct that in the latter the octahedra are greatly 


is connected with the fa 
The relationship 


deformed, while they are nearly ideal in CaTi0,- 
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Complicated Dipole gtructureg and Their B01 3/B063 
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between' the anomaly of dielectric properties and the deformation of . 
BO¢ octahedra can ba also observed in the case of such ABO, compounds 
as are,|@e&o» PbZrO, | PbHLO,5 NanbO,- It can be atated that the presence 
of a deformation of B - O is an indispensable prerequisite for an anti- ; 
piezoelectric phase transition. The authors thank vy, colla- —, 
borator| of the computer center of MGU_for his asaiatance in the computa- 
tiona. The present paper wae read at the Third Conference Phan ci ae 
which took place in Moscow from January 25 to 50, 1960. There — ° Bi 
"are 1 figure and 12 references: 4 Soviet. hee : ee mad 
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\o. 268° 3125/B104 
' AUTHORS: Fedulov, Se Aes and Venevtsev. tie the 
Qo 
TITLE: Investigation of structure and disiectric properties of solid 


solutions (pb, Sr)(Ti,Zr )0; 


PERIODICAL: Fizika tverdogo tela, V- 3, nde ity 1961, 3371-3375 


solid solutions in the 
ences of the dielectric 


TEXT; The authors found a continuous series 4 


aceay 


PoTi0s - $rzro, system. Tne temperature adepernd 
constant é , the conductivity 9; and tan @ were uavestigated by employing 

YN-3 (UM-3) and MOM.4 (MOM-4) type pridges and a h@-1 (KV-1) type Q-meter. | 
€ and tan fd were mainly determined for 1,00) cycled. Part of the samples 

with pseudomonoclinic distortion were investigated with Cr radiation in 

PKA-143 (RKD-143) type chambers (built by *' “‘42iko-khimicheskiy institut 

im. Karpova (Physicochemical Institute imssi vearpov)). At room temperature, 


these solid solutions of the PbTi0, - Srér., «yitem are found in three r 


modifications: tetragonal, cubic, and pezuicasacclinic (Fig. 1). Period 
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ec becomes smaller in the tetragonal modifie.:itn but period a increases. 
Fig. 2 shows the pehavior of ratio c/a. ivrivt a shows a steady inorease 

in the cubic system. In the paeudomonocisn:: Tange y monoclinic angle /3 

and periods a=c jncrease while the ratio t/a of the monoclinic axes 
decreases. Solid solutions (Pb,Sr)(Ti,2r7"'. sith 32.5% by weight (40 mole, ; 


of Sr2r0, show a Curie temperature of mors +.4% 20°C. Fig. 3 shows tne 


temperature dependence of € for solid soluicse of various types. ‘Tne 
temperature dependence for a sample with 75, by woeignt of SrZr0, was 


established at 500 kilocycles, that for tue 2° er samples at 7 kilocycle. x 
Conductivity of solid solutions and tan d «ii: decrease with increasing ‘ 
concentration of Srzro,. From these data, !° 33 possible to compile pert 


of a phase diagram for solid solutions invest:aated (Fige 6). When 
writing down the composition of ferroelec tris: of perovskite-type 
structure in the general form ABO,» selii »oiutions are formed through 


simultaneous substitution of ions A and # in the systems PoTi0, - SrZrGzs 


PoTi0,; - SrSn0;1 and PbTiO, - SrTi0,. Ts - rie temperature snows its 
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- strongest decrease in samples investigated if srsn0, is introduced, and it 
is less affected by SrZr0, and srTio,. 


analogous series of solid solutions where A~type jons are either port or 


A similar behavior was observed in 


nar ions. The monoclinic structure may te caused for the cubic cell in 


the series SrTi0,5 SrSn0; 5 and Srzro, by 2 decrease of the geometrical 


factor t from 0.96 to 0.86. G. Ss. Zhdanov is thanked for a discussion of 
results and interest in the paper. There are 6 figures and 16 references: 
10 Soviet and 6 non-Soviet. The three mos* vracent references to English- 
language publications read as follows: J. Pnys. Soc. Japan, 14, 10, 1286, 
1959.3; Fe J. Kulscar. J. Am. Cer. Soce, 42, 15 49, 1959.3; J- Smith, 

A. Je E. Welch, Acta Cryst., 13, 8, 653, 1960. 
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2000; 
$/070/51/006/001/002/011 
7.216/ (2303,N94) B032/E3 14 
24, 28.00 (NHR, 1385) 136) 
AUTHORS 3 Soloviyev, S.P.; Venevtsev, Yu.N., Zkdanov, G.S. 
and Ivanova, V.-V. fo eae ee ee 


TITLE: Calculation of Internal Electric Fields in 
Perovskite Crystals (CaTi0,) 


PERIODICAL: Kristallografiya, 1961, Vol. 6, No. l, 
pp. 78 —. 85 


TEXT: In a previous paper (Ref. 13) the present authors 

gave an account of a general method for the calculation of 

internal fields in structures having an arbitrary dispostion 

of dipoles, The aim of the present paper is to apply this 

method to the calculation of fields in the antiferro-electric ; 
dipole structure of CaTi0g» using a model based on the real i. 


stracture reported by Kay and Baily in Ref. 14. In the 
method described by the present authors in Ref. 13, it is 
assumed that the polarisabilities and effective ion charges 
are known, The polarisabilities of Ca and O ions _wgregtaken 
from the book by Kittel’ (Ref. 15) (ac, = l.le 10 cm 
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Calculation of Internal Electric Fields .... 
ay = 2.4 x 10°? tem?) , It is further assumed that the 
effective charges of the ions in BaTiO, are approximately 


equal to one-half of the total ion charges. In order to 

estimate the effect of the assumed magnitude of the charges 

and polarizabilities on the field distribution gix different 
variants of the calculation were carried out, in which the 
charges and polarisabilities were varied within reasonable 

limits. The results obtained are summarised in Table 3, ; 
which gives the internal fields in CaTi0,. The first five 


variants are based on the real structure of CaTiO,; shown in 


Fig. 2. For comparison, variant 6 is based on values of the 

€ and h_~ sums calculated for undispersed positions of the 
ions. All the calculations were carried out on the electronic 
computer "Strela" at: the Computation Centre of MGU. 
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Acknowledgments are expressed to h.F. Trifonov and — 

A. Tel'nova of the Computation Centre of MGU, who carried 
out the nunierical calculation on tue "Strela" computer. 
There are 2 figures, 3 tables and 17 reterences: 7 Soviet 
and 10 non-Sovict. 
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Fig. 23 


Puc. 2. Onementapnan naeiina CaTiOs. 
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AUTHORS; Vent stsev, Yu.N., Bondarenko, V~.S., Zhdanov, G.S., 
Chkalova, V.V. ana Stembor, N.G,. 


TITLE: Anomalous changes in the lattice parameters, the 
dielectric and piezoelectric properties of (Ba, Pb)Ti0; 
solid solutions 


PERIODICAL: Kristallografiya, 1961, Vol.6, No.3, pp.375-380 


TEXT: Samples were Prepared from chemically pure titanium 

dioxide and barium and lead carbonates, X-ray investigations 
Showed that solid solutions of (Ba, Pb)Ti0z had a tetragonal- 
distorted cell of the perovskite type, Results of precision 


where changes in lattice parameters and volume are Plotted against 
weicht % PbTi0z, The curves are not continuous and there are 
Sharp changes at 2425 O28, UTD oO aed 13.5% PbTi03, Fig.la shows 
the periods of the crystal lattice c and a3; Fig.16 = shows c/a; 
Fig.1B shows the volume v of the elementary cell against 

weight % PbTi03, The results of measurements of the dielectric 
Constant ¢ against temperature (°C) are shown in Fig.2 (the 
numbers on the curves correspond to the % PbTi0z), The values of 
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the dielectriz constant at the Curie point é€max are plotted 
against concentration (wt.%) PbTiO; in Fig.3, There are sharp 
maxima at 5.5, 9.2, 11 and 13.7% PbTiO, The curves in Fig.2 
enable the Curie point and the positions of the second and third 
phase transformations to be found. On the basis of these 
measurements, the phase diagram at the BaTiOg rich end can be drawn 
(Fig.4). The change in the piezo-modulus d33 with composition 
is shown in Fig.5. There are maxima at 5.5, 11.2 and 13,5 wt,% 
PbTiO;. The obtained data agree in many respects with those of 
Previous work when commercially pure materials were used, The 
results, as well as published data, lead to the conclusion that the 
observed anomalies are characteristic of the solid solutions of 
(Ba, Pb )Ti03 and they may be due to the differences in the 
properties of the barium and lead titanates, A change in the type 
of ferroelectrically active cations probably takes place in the 
concentration range of 11.2 to 1.35 wt.% PbTi03z when the second and 
the third phase transitions, which are characteristic for barium 


titanate, ceased to exist, Other observed anomalics are also 
attributed to the differences in the Properties of the titanates of 
barium and lead, Acknowledgments are expressed to Senior 
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There are 5 figures and 9 references: 


The three references to 
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» J.Res.Nat.Bur, 


L.Ya.Karpova 
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AUTHORS 3 Fedulov, S.A., Venevtsev_ tu.N.. Zhdanov. G.S. and 
Rez. 1.5. Bei gre 22 Saiyan tae aee ay 

TITLE: X-ray crystallographic ond electrical studies of 
specimens of the system PbT10,-BaZro, 


PLUIODICAL: Kristallografiya i961. vol ©. No.5 pp. 681-685 


fEXT? Hitherto the system PhT:0, - BaZrO, has hardly been 
studied, The PbTiO, synthesized had a tetragofally-distorted 
perovskite structure’with a = 3-899 and ¢ 4 355 A giving 


cfa = 1.065. The BaZrO, was cubbrye with oo hoOPQa These agree 
with previously nublashed data ‘Ret 6 oH. Megaw. Proc Phys Soc., x 
58 133. 1946), Fig 1 shows the vortation or cell climensions with 
composition for intermediate compostt sons in the continuous series 


ot solid solutions obtained. [he volume changes caithout drscontine 
uity, The two phases appeared to ce-ekist over the composition 
range 37.5 to 40% (by weight) At the high PhTio, end of the 
: . ? 2 
compositicn range, measurements of ttt tlrelectric Constant were 
hindered by the high conductivity ihe 19g of the conductivity 
was a linear function of L/T (the abactute temperature} ihe 
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dielectric constant was measured at oi) he for the compositions 
20-25% BazZrO, and at Ll ke otherwise ::¢.'t shows the variation of 
d.c, with temperature for various ccmpositions of material, The 
existence of a two-phase region betsien the frerroclectriec fretra- 
gonal) and the paraelectriac (cubic) meditications is not new but has 
been found also in PbTiO,-BaT10, . this 1s expressed in the 
spreading of the maxima fn the €urves of doc, against T and 
corresponds to the statistical distribution of the cations in the 
two phases, This statistical distribution gives rise to strains 
ain the crystal lattices and as a result the ferroelectric- 
paraelectric transformation takes ploace over a finite temperature 
interval. The rhombohedral phase tound by T Ikeda (Ret.1., J.Phys, 


Soc, Japan., 14 2. 168, 1959) was not encountered, The absence of 
a piezoelectric effect in the range from 40-42.4% also confirms 
that there was no rhombohedral phase in this case. Work reported 


by others on the system PbZr0,-Bali0, ix contradictory 
is) 
Acknowledgments are expressed to Y¥r.i. Snazhevskaya and 


N. A. Kabalkina for their assistance. there are 6 figures and 
ll reterences, 6 Soviet and 5 non-Soviet The English-language 
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5. Marzullo, J.Res.Nat.Bur. Standards, 55, 239, 1955; Ref.9: 
S. Nomura, S. Sawada, J.Phys.Soc. Japan, 10, 2, 1955. 
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AUTHORS ; Fedulov, S.A., Venevtsev, Yu.N., mhdanow: 1dc8s and 
Smazhevakaya, YavG@posoS oo 


TITLE; High-temperature X-ray and thermographic studies of 
bismuth ferrite 


PERIODICAL: Kristallografiya, 1961, Vol.6, No.5, pp. 795-796 


TEXT: In previous papers, Ref,1 ‘I.5. Rez. Tezisy dokl, 
Tret-yego soveshchaniya po segnetoeslektrichest.u “Abstracts of 
ths Third Conference on Perroeleztriss", Izd-vo AN SSSR. p.51,; 
1960) and Ref.2 (Yu.N, Venevtsevy, G.S. Zhdanov, S.P. Solov'yev, 
Ye.V. Bezus, V.V. Ivanova, S.A. Feduloy. A.G. Kapyshey, 
Kristallografiya, Vel.S, 4, 620, 19€0) the present authors et al. 
reported the existence of the compound BiFeds with perovskite 
“ype strusture, and suggested that this compsund is a ferro- 
alectrt: having a higher Curia temporaturé than lead titanate, 
The Curie temperature of BiFeOz and alse of the solid sclutions 
belonging to the system PbT103-HiF2O, ‘anact be determined from 
dielectric measurements owing to the high conductivity of the 
specimens, The present authors have theretore carried out high 
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temperature X-ray and thermographic studisa af BikFeOs. Specimens 
were prepared from a mixture of Bis03 and Feo03 by heating them 
se BOO °C ter one hour and subsequently repeating this Lrocess, 
The X-ray photographs were obtained with copper radiation and the 
= SPKA-~114 (VRKD-114) camera (degrygnes at the Physicochemical 
Institute imeni L. Ya, Karpov), The synthesized Specimens 
. censisted of a single phase and had a rhombohedral distorted cell 
of the perovskite type with a = 3.963 h and 4 - by" whe, 
The latter is in agreement with the results reported in Ref, 2 
{rcom temperatura), Fig.1] shows the variation of a and x with 
temperaturs, Analysis of the X-ray photographs obtained led to 
the conclusion that at 700 °C the BiFeOs began to decompose and 
weak lines belonging to 4 secend Phase appeared, The 
de:omposition is an irreversible process, The thermographi: study 
was carried out with the aid of the YKTA-58 (UKTA-58) apparatus, 
Fig.2 shows the thermogram obtained for BiFeO7:. It follows from 
the form of the differential curve (1). the contraction curve (y) 
and the weight-loss curve (8) that up to about 850 °C no phase 
transformations occur in the Specimen, In the temperature ranges 
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875~=930 °C, 970-1030 °C and 1030-1090 °C endothermic effects were 
observed and there was an appreciable contraction of the specimen 
Which became noticeable immediately after the endothermic erfect 
: near U75-930 °C, 1t is concluded thet the Curie temperature of 
s BifeOs should be greater than or equal to 850 °C, Biles can 
theretore be used as a basis for terroelectric sulid solutions 
with high Curie temperatures, In addition, this substaice will 
be useful in the development of materials which have both 
Hagnetic and Lerroelectric properties, Acknowledements are 
expressed to V.I. Rivkin and Yu.M. Toropov for assistance in the 
thermographic studies, 
There are 2 figures and 4 Soviet references. 
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"WCaleulation of Internal Electric Fields and Field Gradients in Perovskite 
Typa Compounds with Special Dielectric Properties." 


report presented at the Symposium on Ferroelectricity and Ferromagnetisn, 
Leningrad, 30 May = 5 June 1963. 
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Zt lag $/181/62/004/005/061 /055 ; 


B102/3104 
AUTHORS: Lyuodimov, VY. s., and Yenevtsev, Yu. i. 
ips See ee 
GITLE: Calculation of potentials in hyperstructures 
Pe2TCITC.os Fizika efesninns tala, Ve 4, NOw. 5, 41962, 1352 ~ 1457 


of 


THAT; The potentials of nyperstructures of crystals c? the type ABO, 


with 5 etoaus per unit cell are investiguted theoretically. The hyper- /6 
structures are complexes of unit cells with, for 3xunple 20 atoms 
(Caio, Cavid,) or 46 atoms (e.g. PbZrd.}. In sane formation of hyper- 

a - 


structures not only the lattice corstants become larger put also the 
crystallographic axes chunge their directions in space. Some fundemenvai 
considerations are made for the very complicated problem of potential 
culculution and sone general reletiona written down. aA formula is oo- 
tained for the relationsnip setveen the potentials of the structure ficld 
of a unit cell and tne potentials of tne structure field of a hysercell 


t (which consists of an intesral number of unit cells, such as 4 or 8), 
Formulas giving the relations between the structure coefficients of the 
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oo. Bi02 
of the unit cell and hyperstructure are derived for sone 
Not only the nuture of eLecnt tees properties but also 
properties of hysers Gener which depend on the poteniiz /e 
stribution may be derived from potenti: Subealations: Gne results oo- 
daoned nalte it possibdle to study tne ee ences in the 
various sodizicaions. 


benavior of the 
Shere are 2 figures. . 
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1s 
Ferroelectricity and antiferroelectricity in polar crystals. 
Fiz. tver. tela 4 no.8:2123-2127 Ag '@. (MIRA 15:11) 


1. Fiziko-khimicheskiy institut imeni L.Ya. Karpova, Moskva, 
(Crystals--Electric properties) 
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AUTHORS: Lyubimov, V+ Ne, Venevteev, Yu. N«, Solov'yov, S+ Poy 
Zhdanov, G. S., and Bakushingkiy; A. B. 


TITLE: The dipole structure and the internal electric fields in 
PbZrod 
| 
PERIODICAL: Fizika tverdogo tela, v. 44 no. 12, 1962, 3543-3550 V 


TEXT: The most probable values of the internal electric fields and field- 
induced electron dipoles are calculated for a PbZrO, crystal on the basis 


of the model of point dipole structure. Using the method developed by 
S. P. Solovityev, Yu. N- Venevtsev, C. S. Zhdanov (Kristallografiya 3, 473, 
1958), the determination of the 26 different projections of the electron 
dipole moments was reduced to the solution of a system of 28 linear 
algebraic equations for 28 unknowns. The structural sums which are 
necessary for the set-up of these equations describe the fields of the 
intinite sublattices of the unit charges and unit dipoles, the number of 
which exceeds by far 1000. Both the structural sums and the syatem of 
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equations itsel? were calculated in various modifications using the 

electronic computer "Strela". The effect of all structure sublattices on 

each of the 40 atoms incorporated in the elementary cell was taken into 

account. The variant Py was determined by extrapolation for the / 
“ 


10°24 em? 
paraneters enp «© 1.27; ee = 1.73, ey = -1, tp,” 4.32°10 cm’, 


t.* 0.80-107°4 en, ay = 2.26107 74 em. e, denotes the effective 
charges and a denotes the electron polarizabilities of the ions. The 
small value of Py within a certain temperature interval makes it possible 


to establish a correlation between the data obtained from structure and 
those from dielectrio studies. At room temperature, the ion polarization 
for the above-mentioned values of the parametera ig compensated by electro 
polarization. Hence, the Pbzro, crystal is antipolarized and very similar 


to an anti-electret. Results, similar in principle, are obtained for any 
of the ten orystallographio polar classes of pyroelectrics (electrets). 
It is assumed that at least the direction of most of the projections of 
the electron dipole moments and of the internal fields corresponds to the 
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real structures of PbZro, at room temperature. The displacement of the 


atoms may be attributed to nonelectrostatic forces. The highest field 

strength acts on the Zr ion. In general the internal field strength 

increases with decreasing ion polarizability. The rules found for Pb2r0, / 
Y 


resemble those governing the ferroelectric crystals BaT10, and PbTi0,. 


_ It would be useful to investigate PbZrO, under pressure. There are 


7 tables, 
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E032/E314 
4, 2/00 (/5 3, 1454) 
AUTHORS : Lyubimov, V.N., Venevtsev, Yu.N. and Zhdanov, G.S, 
TITLE: Internal electric fields in NaTa0.. and CaTi0, 


crystals 


PERIODICAL: Kristallografiya, v. 7, no. 1, 1962, 12 - 19 


TEXT: The aim of the present calculations was to obtain 
some information on the electrical properties of the above 
crystals. [t is stated that they have not been extensively * 


investigated and that the published information is to some 
extent conflicting, Thus, G.A. Smolenskiy (Ref. 1 - Dokl1.AN 
SSSR, 85, 985, 1952; Ref.2 - Zh:.tekhn. fiz., 20, 157, 1950 


and Ref. 3 - Dokl. AN SSSR, 70, 405, 1950) reported that CdT10, 


was a ferro-electric with a Curte point at 50 - 60 Ai while 
JoKo Hulm, B.T. Matthias and E.A. Long (Ref. 4% - Phys. Rev., 
79, 885, 1950) did not find these Properties. According to the 
experimental results of B.T. Matthias (Ref, 5 - Amer.Phys.Soc., 
24, 28, 1949 and Ref. 6 - Phys. Rev., 75, 1771, 1949), NaTaoO 


should be regardedasaferro-electric, while V.A. Tsupov 
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(Ref. 8 - Izv. AN SSSR, Ser, fiz., 22, 1504, 1958) describes it 
as"quasi-ferro-electric', In order to resoive these difficulties. / 
the present authors calculate the internal electric fields of the \ 
above structures at room temperature. Use 18 made of a modified 

form of Eq. (10) in the paper by S.P. Solov‘yev, Yu.V. Venevtsev 

and G.S. Zhdanov (Ref. 10 - Kristallografiya, 5, 1960. 718) in 

order to abbreviate the calculations. The structural coefficints 

of CaTio, were calculated by P.P. Ewald's method (Ref. 11 - 


Ann. Phys., 64, 253, 1921) using the Strela computer. Each 
Structural coefficient was determined to four decimal places. 


from 34 to 15. There are 9 structural coefficients for each 

of these 15 points. of the resulting total number of 135, there 
are 74 which are equal to zero. The authors have used this 
theory to calculate the dipcle moment of the superstructure 

cell and found its antiparallel components The dipole moment 
and the contribution of 10ns to the spontaneous polarization 
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aS ESU) in Table 5. The internal 
fields (in units of 1078 V/cm), the spontaneous polarization 
and the structural distortion of various crystals of type 


ABO, are given in Table 6. It is stated that further carful 


studies of the structural, dielectric and other characteristics 
of these substances are necessary. Acknowledgments are exnressed 
to S.P. Solov'yev for advice and T.A. Osipova for evaluating the 
structural sums. There are 6 tables and 17 references: 


are given (in units of 107 


10 Soviet-bloc and 7 non-Soviet-bloc. The four latest English- 
language references are: Ref. 4 (quoted in text); Ref. 7 - 

H.F. Kay, J.L. Miles = Acta crystallogr., 10, 213, 1957; 

Ref. 12 ~ H.F. Kay, P.C. Baily - Acta crystallogr., 10, 219, 1957 
and Ref. 15 - J.R. Tessman, A.H. Kahn, W. Shockley - Phys. Rev., 
92, 890, 1953. 
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AUTHORS: Fedulov, S.A., Venevtsev, Yu.N., Zhdanov, G.S., 
Smazhevskaya, Ye.G., Rez, I.S. 


TITLE: ' X-ray. and electrical studies of the system 
PbTi03-BiFeO3 


PERIODICAL: Kristallografiya, v.7, no.l, 1962, 77-83 


TEXT: X-ray powder photographs were taken at various temperatures 
up to about 800°C of specimens from the BiFeO -PbTiO3z system and 
measurements were made of dielectric constant and electrical 
conductivity. Fig.1 shows the change in cell dimensions with 
composition, wt.%; Fig.7 shows the phase diagram, The rhombo- 
hedral phase near the composition BiFeOs3 has an exceptionally high ye 
Curie point, about 850°C, which is near its incongruent m.p. 

At lower concentrations of BiFeO3 (65%) before the transition 

from tetragonal to rhombohedral, the tetragonal phase reaches a 
c/a ratio of 1,17, which is exceptionally high. As a base for 


ferroelectric structure, BiFeOz has wide possibilities and may 
lead to technical materials with both ferroelectric and ferro- 
magnetic properties. There are 7 figures, 
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94 9/00 E132/E160 
AUTHORS 3 Lyubimov, V.N., Veneytsev, Yu.N., and Zhdanov, G.5s,. 


TITLE: On a method of calculating the gradients of the 
internal electric fields in complex dipole structures 


PERIODICAL: Kristallografiya, v.7, no.2, 1962, 229-235 


TEXT: The problem of calculating the gradients q of the 
internal electric field in a crystal lattice of any symmetry tiade 
up of charges and dipoles is examined. AS q = grad E = - grad V 
and QLx/dy = dEy/ dcx, q isa symmetrical tensor with 6 
components. In the general case 6m quantities must be calculated 
to give the field if there are m atoms per unit cell. 

Inclusion of the symmetry of the unit cell may reduce this to. 

6n where n is the number of complexes, and simplify the 
formulae. The symmetry of the ions themselves introduces 

further simplifications. 
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AUTHORS: Lyubimov, V.N., Venevtsev, Yu.N. 


TITLE: The formation of dipole configurations in certain 
structures with special dielectric properties 


PERIODICAL: Kristallografiya, v.7, no.5, 1962, 793-794 


TEXT: A. Jaskiewicz and H. Konwent (Bull. Acad. polon. Sci. Cl. 
IiI, v.9, 1961, 553) have examined the, process of the formation 
of dipole structure in perovskites (ABO3), although not entirely 
successfuliy, An attack on the structure of W0O3 (ReOz - type) 
proves simpler. Here, either the W or the O ions can be 
ferroelectrically active and the method of tria] and error is 
practicable. For the case where the W: ion is active and the 
dipolar structure is formed because, as a result of the thermal 
oscillations, the W ion in one cell possesses an initial dipole 
(0,0,m,), the field, acting on W ions in neighbouring cells, can 
be determined by the above method, This gives the case of 
tetragonal WO3 consisting of chains of pseudocubic celis, where 
in each chain the polarization of the cells is directed in one way 
and in the neighbouring chain oppositely. This is the simplest 
Card 1/2 
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configuration known for WOz. The method cannot be pursued 
further to give other configurations but some results can be 


obtained for the NH4Cl and NH4Br structures (where the halide ions 
are active). These are found to be antiferroelectric. The 


method is only confirmatory and docs not disclose new ee 
information. 
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E132/£460 
AUTHORS: Fedulov, S.A., Venevtsev, Yu.N., Dzhmukhadze, v.F, 
TITLE: Xeray diffraction and electrical studies of the 
system PbTiO; - LaAlO; 


PERIODICAL: Kristallografiya, v.7, no.6, 1962, 408-411 


TEXT: PbTiO; being ferroelectric and La\l0Oz paraelectric, the 
pseudo-binary system is of interest. Pure PbCOz, Al903, TiO, 

and La203 were used to make the materials, sintering being carried ' 
out at 800 to 1200°C and again at 1100 to 1400°C in each case for 

1 hour, High precision X-ray powder photographs were taken of the 
products, The diclectric constant ¢€ and the loss tan 6 were 
measured at 1 Kc/s on a bridge. The phase diagram is as shown 

in Fig.l. The cubic region widens with increasing temperature 
until‘at 500°C there is only a cubic phase at all compositions. 

The temperature dependence of € was measured with increasing 
content of LaAl0O3. A significant drop in the peak height takes 
place and the position of the maximum passes below 0°C for 

contents greater than 20%, A significant piezoelectric effect 

was found for specimens, containing 5 and 7.5% LaAl0Oz. The 
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combination of high piezoelectricity and high Curie temperature 
(above 300°C) may be technically useful. Professor 
G.S$.Zhdanov is thanked for his advice. There ure 5 figures. 


ASSOCIATION: Fiziko-khimicheskiy institut im, L.Ya.Karpova 
(Physicochemical Institute imeni L.Ya.Karpov) 


SUBMITTED: July 10, 1961 


Fig.l. 
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AUTHORS : Lyubimov, V.N., Venevtsev, Yu.N,, Kayranskaya, Ye.Yu,. 
Oe 
TITLE: Calculation of the gradients of the electric field in 


ionic crystals 
PERIODICAL: Kristallografiya, v.7, no.6, 1962, 949-952 
TEXT: It has been shown (EF. Brun et al, Helv. phys. acta, v.34, 
1961, 391) that the contribution of 6Eqg of the multipolarity . 
of the ions to the field gradient may greatly exceed that, 5Ep, i 
of the point charges. this effect would be expected to be ! 
particularly great for ferroclectrics with dipole structures, ; 
The authors! formula (Kristallogr. v.7, no.2, 1962, 229-233) for 
calculating 6E in a dipole structure is now applied to the 
tetragonal BaTiO0z (or the general perovskite ABO3). The structure 
gums were calculated on the "Minsk" computer. The dipolar 
contribution to SE of any atom dees not eyeees 0.7 x 101 cgsu 
and ig normally between 6.) and 0.5 x 101 Z The true effective 
charges may, however, differ from those assumed by 20 to 30%. 
(Assumed eq = +1; Cp = 723 COQ; = Oz] # ~1) 
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If go, then the contributions of the A and f} atoms to 5E will not 
be zero’and there will be a dipole contribution of the order of 
SEq = approx 0.5 x 104 cgsu, For the oxygen ions the charge 
contribution exceeds the dipolar contribution. Inasmuch as the 
electronic dipoles have the functions of effective charges and 
their values are only approximately known, their contribution to 
the dipole structure cannot be calculated accurately, The 
dynamic corrections to the effective charges can be calculated, 
For the oxygen this is’ a 5E = approx 4 x 10710 egsu, For the 
Ti the correction is Significantly less and is about O.le 
and the force acting on the charge greatly exceeds that acting on 
the dipole, This gives grounds for treating the movement of the 
ferroelectric ion as that of a point charge and not of a dipole, 
‘For the other ions the forces are of the same order, For 
calculating the fields at the nuclei (or nuclear quadrupole 
resonance, Moessbauer effect etc) quantum mechanical methods are 
necessary to calculate the Sternheimer constant Yc Which must 
be included. There is 1 table, 
ASSOCIATION: Fiziko-khimicheskiy institut im, L.Ya.Karpova (Physico- 
SUBMIT ED: March 27, 1962 chemical Institute im, L.Ya,Karpov) 
ar . 
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AUTHORS: Ivanova, V- Ve» Xapyshev, A- Gey Venevtsev, Yue Ney and 
Zhaanov, G. Ss 

the elementary cells of 

and (Nag Bio 5/7405 and 

)f10, 


X-ray determination of symmetry of 
the ferroelectrics K, -Bi T1LO 
( 0-5 0.5) 3 


“of the high-temperature phase transitions in Ko 5Bto 5 


TITLE: 


PERIODICAL: Akademiya nauk SSSR. Izvestiya. Seriya fizicheskaya, Vv- 26, 


nos Dy 1962, 354-356 


The ferroelectrics with perovskite structure, (Ky 5 Bio 5)T40, and 


(Nay 5Bto 5 )T105 with the Curie point at 360 and 320°C, reapectively, had 
4: Ge Ae Smolenskiy, A+ I- Xx 


been desoribed in earlier papers (Ref. 
1562 (1959); Ref. 2: Gs, Ke 


Agranovskaya, Fiz. tverdogo tela, 1, no- 10, 
Smolenskiy, V+ A- Tgupov, A. I- Agranovskaya, HN. N. Kraynik, Fiz. tverdogo 


tela, 2, no. ily 2982 (1960))- The radiographic examination with an 
PKY-114 (RKU-114) camera shows that the samples are gingle-phased at room 


Cara 1/3 


TEXT: 
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temperature, and that X and Bi, and/or Na and Bi are statistically 

distributed in the gites of the elementary cell with the coordination 

number 12. Splitting of some lines waa observed, but could not be measured 
accurately.» CxK radiation and anPK-143 (RKD-143) camera (produced at the 
FKhI imoni L. Ya. Karpov) were therefore used. The following lattice 

constants were determined from the splitting of the line with X 


Snr = 6 : (Ky 5Big.5)T0s 48 tetragonal with a = 3.913 + 0.003 :e 
c= 3.993 + 0.003 2. Vw 610 + 06195 ee (tay 534, ,)310, is rhombohedral 


with a = 3-691 + 0.002 2, a = 9°36) + 3') V = 5867 + 0-1 93. zurthermore, 
the change in the lattice constants with temperature up to 500°C was ceter- 
mined for (Ko 5216 5) 7105. At 270°C the tetragonal passes over into a 


pseudocubic phase. The glightly diffuse lines make more wecurate determina- 
tion 4mpossible. On the basis of previous conclusions (Ref. 4: Yue Xe 
Venevtaev, Ge S- Zhdanov, Izv. AN SSSR. Sere fiz, 21, 2275 (1957)) the 
distortion can be assumed to be tetragonal. The cubic phase occurring from 
410°C onward makes the radiographs cleare.. The authors thank V- A- Isupov 
who supplied the samples. There is 1 figure. : 
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AUTHORS ; Fedulov, S. A., Venevtsev, Yu. ‘N., Zhdanov, G. S., and 
Dzhmukhadze, D. F. ; 
TITLE: X-ray and electrical analysis of the system PbTiO, -LaFed, 


PERIODICAL: ‘Akademiya nauk SSSR. Izvestiya. Seriya fizicheskaya, Vv. 26, 
no. 3, 1962, 357 - 361 


TEXT: This paper was presented et the VII Nauchno-tekhnicheskoye 
soveshchaniye po primeneniyu rentgenovykh luchey k issledovaniyu zatericlov 
(7th Scientific-technical Conference on the Use of X-rays for the 

Examinetion of Materials) held in Leningrad from June 22 to 29, 1961. The 
system PbTiO, - LaFeO, wag studied by means of X-ray and electrical nA 


analysis. The specimens were prepared by double annealing (preliminary 
annealing at 600 - 1100 C, final annealing at 1100 - 1400 C, for one hour 
each) in lead oxide vapor. X-ray analysis was made with Cuk and Fek 
radiation in Pny-114 (RKU-114) and P.2-145 (RKD-143) cameras (designed at 
the Fiziko-khimicheskiy institut im. L. Ya. Karpova (Physicochemical 
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Institute imeni L. Ya. Karpov). The dielectric constant was measured at 
450 keps by a‘.i-1 (KV-1) Q-meter, electrical conductivity was measured oy 
at'ste4 (HOH-4) bridge. The results obtained by X-ray analysis agree with 
those in other publications. The system PoTid, - LaFeO, forms a 


2 
continuous series of solid solutions which at roon temperature occur in X 
three modifications: tetragonal, pseudomonoclinic I, and pseudonmonoclinic \ 


II. Specimens with an LaFe0, content nigher than 5070 showed a nyperfine 
structure of the lines whose intensities increased with the LareO 


concentration. The elementary cell voluse of solid solutions (Pb, La) (7i, Fe)0, 
decreased with increasing Lare0, concentration. This became especially 


distinct in the region of tetragonal modification and can be explained by 
the specific electrostrictive properties of PbT10,. According to the 


activation energy determined for PpTio, and LaFe0, from their conductivities 


(with relatively high values), these compounds were classified as seni- 
conductors. The temperature dependences of conductivity of solid solutions 
as functions log 6 = f(1/T) had a complicated course when the LaFe0, 
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content was increased. This indicates a change in the conductivity 
mechanism of solid solutions according to their composition. At certain 
temperatures, corresponding to the phase transition points, salient points 
were observed on these straight lines. aA phase diagran (Fig. 5) was set 
up on the basis of the data obtained. Comparison of the data obtained for 
PbTi0, - LaFe, with those for PpTio, - BiFeO, showed that in contrast to 


PoTio, - BiFeO, in which the Curie temperature rises when BiFeO, is added, 

the Curie temperature decreases in PbTiO, - LaFe0, when the LaFe0, x 
concentration is increased. Probably the main reason thereof is the 

different polarizability of the La and Bi ions compared with the os 
polarizability of the Pb jon. The different ionic radii of Bi (1.20 A) and 

La (1.04 AK) probably do not influence the behavior of the Curie temperature. 
Presumably they are the main reason of the different sequence of the 

phases. The gelatively high temperature of the magnetic transformation of 
LaFe0, (~ 570°C) in part of the solid solutions in its neighborhood also 


suggest magnetic properties. The authors thank Ye. G. Smazhevakaya for her 
help. ‘There are 5 figures and 13 references: 8 Soviet and 5 non-Soviet. 
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The four Teferences to English-language publications read as follows: “. p, 

Mega, Proc. Phyg, Soc., 58, 133 (1946); R. Roy, J. Res. Nat. Bur. Standards, 
28, 2, 75 (1957)5 x. H. Francombe, 3, Lewis, J, Electronics, 2, 387 (1957) 54 
G. Shirane, s, Hoshino, kK. Suzuku, Phys, Rev., 80, 6, 1115 (1 iy 


950), 


ASSOCIATION: Fiziko-khinicheskiy institut im. 1. Ya. Karpova (Physico- 
Chemical Institute imeni L. Ya, Karpov) 
Fig. 5. Phase diagram of the System PbTiO, - LaFe0,. 


Legend: (1) cubic (paraelectric); (2) tetragonal (piezoelectric); (3) 
[ Pseudomonoclinic I; (4) Pseudononoclinic If, 
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Some solid solutions on the basis of the ferroelectric— 
antiferromagnetic BiFeQ3. Izv. AN SSSR. Ser. fiz. 28 no. 4: 
683-690 Ap '64. (MIRA 17:5) 
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Abrupt change of the probability of the Mossbauer effect during 
a phase transition im ferroelectric substances, Zhur. eksp. 1 
teor. fiz. 44 no.6:2182-2183 Je '63, (MIRA 1626) 


1, Institut yadernoy fisiki Moskovskogo gosudarstvennogo 
universiteta 1 Fiziko-khimicheskiy institut im, L.Ya, Karpova, 
(Mossbauer effect) 
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Study of the syetens PbTiO 4 - Cacn0, and PoT10, - CaZr05. 7 
Kriatallografiia 9 no.3:358-362 Hy-de '6he (MIRA 17:¢} 


1, Veesoyuznyy nauchno-issledovatel'skiy institut khimicheskikh 
reaktivove 
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ACCESSION NR: AP4043189 §/0070/64/009/004/0516/0520 
AUTHORS: Fedulov, S. A.; Lady*zhenskiy, P. B.; Venevtsev, Yu. N. 


' TITLE: Investigation of the system BiFeO3~LaAl0, 


SOURCE: Kristallografiya, v. 9, no. 4, 1964, 516-520 


TOPIC TAGS: bismuth inorganic compound, lanthanum compound, ferro- 
electric property, perovskite structure, solid solution, dielectric 
constant 


ABSTRACT: Both investigated compounds have a perovskite structure 
and were expected to form solid solutions. It was also assumed that 


addition of LaAlo, to BiFeO, would lead to a decrease of the conduc~ 


tivity which would facilitate the study of the temperature dependence 
of the dielectric constant in a wide range of temperatures. It was 

assumed that the results of these measurements would further confirm 
the presence of ferroelectric properties in bismuth ferrite. The in- 
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vestigation of the system was also aimed at studying the effect of 
various factors on the magnetic properties of similar compounds, and 
to determine regions in which they possess special dielectric and 
magnetic properties. The starting materials were Bi,0,, Fe,0,. 


A1,0, (analytical purity), and La,0, (technical purity). The x-ray 


analysis was carried out with CuKa and CoKa radiation. The lattice 


parameters were determined to within 0.0015 A, the volume to within 
0.07 A’, and the angle to within 2'. The magnetic measurements were 
carried out by a method described in Kristallografiya v. 8, no. 4, 

p- 610, 1963. X-ray analysis of samples with intermediate composi- 
tions showed that one-phase perovskite solid solutions occurred only 


up to 37.5 mole % LaAlo Samples with 25--35 mole % LaAlO, exhibit 


a 3 

the clear maxima of the dielectric constant typical of ferroelectrics. 
With increasing LaAl03 content the maxima shift towards lower tem- 
peratures. The temperature dependence of the specific magnetization 
for samples of the homogeneous region was obtained at H = 7600 Oe. 
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All solid solutions were found to be antiferromagnetic with weak 
ferromagnetism. For samples with 35 mole % LaAl0, the specific spon= 


taneous magnetization reaches 0.15. The Curie temperature of BiFeO 
is estimated by extrapolation to be about 850°C. The data make it 
possible to construct a part of the phase diagram of the system 


BiFeO,--LaAl0, on the side of BiFeO, (Encl. 01). The decrease of 


the ferroelectric Curie temperature with increasing LaAlo, content 


is due, in the opinion of the authors, to the considerably weaker 
electron polarizability of the Lit ion compared with that of Bi>t, 

Most interesting is the rather strong increase of the Neel tempera- . 
ture on the introduction of LaAlo,. ._This is due mainly to the some- 


what smaller lattice constant of LaAl0, - “Te authors thank Prof. 


G. S. Zhdanov and Yu. E. Roginskaya for valuable advice and remarks." 
Orig. art. has: 7 figures. 
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Part of the phase diarram of the BiFe0,-LaAl0, system 
on the Bired, side. 


Ty - ferroelectric Curie temperature , Ty - antiferromametic 


Neel temperature 
I- ferroelectric repion 
aT II = region of weak ferromapnetism 
gonteiis II - region with combined properties 


Oo nn UU 
sited, ge Laatd; 
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AUTHOR: Venevtsev, Yu.N.; Zhdanov, G.S.; Roginskaya, Yu.Ye.; Fedulov, S.A.; Ivanova, 


V.V.; Chkalova, "Wives Viskov, A. Se A4.G.; Bondarenko,V.S.; Lady*zhinskiy, 
PD. 


TITLE: Investigation of some solid solutions based on the ferroeclect&ric-ferromgnet 
bismuth ferrite Report , Symposium on Ferromagnetism and Ferroelectricity held in 
Leningrad 30 May to 5 June 1963/7 


SOURCE: AN SSSR. Izv. Ser.fiz., v.28, no.4, 1964, 683-690 


TOPIC TAGS: ferromagnetism, ferroelectricity, bismuth ferrite, bismuth ferrite so- 
lid solution 


ABSTRACT: By investigating solid solutions of B1ip03*Feg03 in: PbTi03, some of the 
authors, together with others, were able to show the existence of the compound Bi- 
Fed3 with the perovskite seructuce and strong ferroelectric properties. Tnis work is 
reviewed, and later investigations are reported of the electric and magnetic propere 
ties of solid solutions containing BiFeQ3. The solutions discussed are the two-cox- 
ponent systems in which one component is BiFeO3 and the other is LaFe03, LaCr03, 
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PbTi03, BaTio3, PoZr03, LaA103, or SrSn03. of these Solutes, two are ferromagnetic, 
two are ferroelectric, one is antizerroclectric and two are perovskites With nosnal 
magnetic and electric properties. Phase diagrans are Given for the PbTidg, LaCros, 
and BaTiOg seclutions. Curves of magnetization versus temperature are given for var- 
ious compositions of the LaCr0Q3 and PDZr03 Solutions, and curves of dielectric con- 
Stant versus temporiture for the La4103, PbZ103 ahd BaTi03 solutions. The Neel points 
is plotted against composition for all the SOlutions except those containing SrSndx, 
which could aot pe Outained as a Single phase. Extrapolation of the Curie points core 
the LaAloz and PL2ZrGg solutions to zero concentration confirmed the high ferroelec- 
tric Curie point (about “50%) of Giled3. The woak ferromagnetic Propertics of Bi- 
fe03 persisted in Solutions containing high concentrations of materials without pe- 
culiar magnctic properties. Particularly interest iny is the Concentration dependerce 
ox the Spontaneous magnetization cf the LaCrdy Solutions: tno Wagnetizition increas- 
eddiscontinuously as the system crossed the boundary from the ferroele st-ic to the 
antizerrociectric state, Tae LaFeO3 solutions are said to have behave.: Similarly, 
but a5 these Solutions have boon discussed in detail elsewhoro (Yu.B. toy inekaya, Yu, 
N.Venovtsev, G.S.Zhdanov and S,A,Fedulov, Kristallografiya,8,1933) , “he data are not 
Ziven. An anomaly in the Mossbauer Spectrum of the SrSn03 solutions that was pro- | 
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‘viously ascribed to a ferroclectric transition (Fam Zui Khiyen, A.S.Viskov, V.c. 
Shpinel' and yu.N, Vonevtsev, Zhur oksp.i teor. fiz, 144,193) is now believed to be 
duo to antiforronsgnetic ordering. Orig.art.has: 10 figuros, 
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AUTHOR: Venevtsev ,Yu.N.; Lyubinov ,V.N. ; Solov'yov,5S.P.; Zhdanov,G.5. 


TITLE; .Calculation of the internal electric fields and their gradients in perov- 
skite compounds with distinctive dieleotric propertics Report, Symposium on Ferro~ 
magnetism and Ferroolectricity held in Leningrad 30 May to 5 June 19637 


SOURCE: AN SSSR, Izv.Ser.fiz., v.28, no.4, 1964, 630-635 


TOPIC TAGS: internal field , crystal internal field , perovskite structure, ferro- 
electricity, ionic ferroelectricity model, ferroelectric compound 


ABSTRACT; For a number of years the authors have been engaged in calculating the 
internal electric fields in compounds having the perovskite structure and peculiar 


dielectric properties. The methods 


of calculation and the results have been reported 


in a series of papers appearing in Kristallografiy (Crystallography) and Fizika 


tverdogo tela (Solid State Physics 


) Lrom 1958 to 1962. The results of these caicula~ 


‘tions are discussed in the present paper. The calculations were based on the ionic 
model of a crystal with known or assumed structure. The charges and polarizabilities 


of the point ions were treated as 


- 


Card 1/3 


‘3 


EAE fone 


APPROVED FOR RELEASE: 09/01/2001 


given quantities, but the induced dipole moments 


CIA-RDP86-00513R001859410007-6" 


CIA-RDP86-00513R001859410007-6 


FI 


"APPROVED FOR RELEASE: 09/01/2001 CIA-RDP86-00513R001859410007-6 


ER ee Se ear eee a es eae Te 


ACCESSION NR: AP4030634 


were calculated. Calculations were performed for several values of the charge, pola- 
rizability, and radius of the ions; reasonable variations of these parancters did 
not alter the qualitative picture of the fields in the six compounds investigated 
(lead, barium, calcium and cadmium titanates, sodium tantalate, and lead zire a tea 
Good agreement was obtaincd between observed and calculated values of the spontan- 
eous polarization with the value 0.5 for the ionic charge factor. The results of 
the calculations indicate that NaTa03 and CdTi03 are ferrielectric materials and 
that PbZr03 is a ferrielectric material with nearly antiferroelectric properties. 
The internal field at the position of the Ti ion was found to vanish in CaTiOg but 
to be large in BaTi0g and PbTi03. This difference in the fields accounts for the 
different dielectric behavior of these materials. Because of the strong field at the 
Ti ion, the conclusion of H.D,Megaw (Acta crystallogr. ,5,739,1952; Ibid. ,7,167,1954) 
that the principal factor in ferroelectric transitions of ABO3 type materials must 
be a sharp increase in the covalent character of the B-O bond is regarded as inade- 
quately grounded. It is concluded that further theoretical and experimental investi- 
gation of the possibilities of the ionic model is desirable, and improved calcula- 
tions of field gradients are promised for the near future. Orig.art.has: 1 table. 
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TITLE: Investigating the system PbT10,-CaSn0, and PoTi0;-CaZr0s 


SOURCES Kristallografiya, v. 9, noo 3, 1964, 358-362 


7 TOPIC TAGS: ceramic technology, x ray analysis, electric property/ RKU lik x ray 


camera, RKD 143 x ray camera 


‘ABSTRACT: Samples of the indicated systems were prepared by ordinary ceramic 


i tion in RKU-114 
. Xeray analyses were made with Cuk,, Fok, and Crk radia 
eae esishoo the results show a continuous series of solid feet in 
tha PbT10,-CaSn04 system. The solid solutions form at room temperature in three 


- modifications: tetragonal I, tetragonal II, and pseudomonoclinic. In the field of 


_decreases sharply and a increasos with ae 
tetragonal I, the lattice constant c in er 
increase in CaSn0, contente When the CaSnd, content reaches ~22% (by weig )> 


tetragonal II field is reached. With further increase in CaSn0; content, the i 
change inc is negligible, but @ diminishes appreciably. At ~55% CaSnd, the 
Cord 1/3 
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pseudomonoclinic field is reached. Here a = c «nd the two increase slightly wits. 
increase in CaS, but b remains almost unchanged. The PbT10,-CaZ10, system 


displays no continuous series of solid solutions. Here there is & broad two-phase . 
region consisting of two perovskite modifications. The dielectric constant shows a, 
‘sharp maximum for each system when the concentration of the second constituent : 
(stannate or sirconate) is 20% or less. The absolute value is higher for PbTiO, { 


Cazr0, (~ 3000) than for PbT10,-CaSn0, (~2000). In both systexs the values 


decrease appreciably with increase in content of the second constituent. Conduc- 
tivity and dielectric loss diminish markedly with increase in these second 1 
constituents. The decrease in conductivity was found to be on the order of & 
‘thousandfold for a content of 15% CaSn0, over pure PbT10, at 1000. The suthors 


conclude that no anomalous effects were noted that might be asscciated with 


transitions of “crumpling.s" The authors thank Professor G. 5. Zhdanov for his 
interest in the work and his discussions of the resulte. Orig. art. hast 3. 


figures. 
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meters, the dielectric constant, and the 


with special cara in the region of the anti ferromagnetic transition. 
The details of the experiment are described. ‘The noticeable anoma~ 


-lies in the curves of these Parameters in the region of the Neel 


‘Magnetic, electric, and atomic structures. It is Precisely by vir. 


.O£ the parameters of the atomic lattice as functions of Several ex= 
fields, eto.). The connac= 
Scale, as well ag On 4 Scale 


tion can be regarded both on a unit~cel) 
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of multidomain formations in the case of single crystals or poly- 
crystals. Orig. art. has: 1 figure. 
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TITLE: Method for measuring iestace Class 42, No. 176Lu2 


TOPIC TAGS: temperature Measurement, gamma ray ebsorption ‘ 


ABSTRACT: This Author Certificate presents a method for measuring temperature, based 


on the discontimous change of the effect of resonance gamma-ray absorptios with a AG 
phase transition in the absorber. To increase the accuracy 0 measurements, @ eerieS © 
of absorbers with different phase transitdon temperatures is placed in direct thermal 
contact with the investigated sample. The absorbers are exposed to radiation froa @ 


resonance source of gamma-rays and the absorption effect is racorded with detectors. 


| 
SOURCE: Byulleten' izobretenty 4 tovarnykh znakov, 0. 22, 1965, 67 
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ORG: Physicochemical Institute im. Le YOu Karpov (Fiziko-khimicheskly institut) 14 
TITLE: On the character of dielectric and magnetic properties of BiFeO3 
SOURCE: Zhurnal eksper imental 'noy 4 teoreticheskoy fiziki. v- 50, no. l, 1966, 


69-75 
TOPIC TAGS: bismuth compound, ferroelectric material, dielectric property, solid 
solution, Curie point, Neel temperature, magnetic property ad vial 


ABSTRACT: This is 6 continuation of earlier work by the authors on BiFe03 (ZnETP 
v. 46, 1921, 1964). In view of the contradictory reports on the properties of 

BiFeOs, especially with respect to its ferroelectric properties, the authors @na- 
Lyze the published data and in addition carried out @ more detailed {nvestigation 
of the dielectric properties and the structure of BiFeO, in a byoad rarge, of tem 


peratures, 6 well as of “solid solutions “of this substance with PoFe; /2liby 204. 
Particular attention Ss paid to the oo--500C region, and to the solid sol fon. 
The polycrystalline samples for the investigation were prepared by the usual ce- 
ramic techniques. The dielectric constant and the loss angle were measured at 


A . 
PPROVED FOR RELEASE: 09/01/2001 CIA-RDP86-00513R001859410007-6" 


